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A B S T R A C T
Cattle released for summer grazing in south-boreal forest are free to select among a broad range of habitats. The
goal of this study was to identify the factors influencing the microhabitat selection of such free-ranging beef
cattle, for grazing and resting. We equipped sixteen female adult cows with GPS collars and activity sensors in
southeastern Norway during the summer grazing season in 2017. We identified grazing and resting positions
based on positioning and activity data. At these positions, we recorded habitat variables following a matched
case-control sampling design. We analysed the data using generalized linear mixed models. We found differences
in the cattle’s microhabitat selection for grazing and resting. Within a given habitat patch, cattle selected for the
most grass-rich site for grazing, whereas they selected for the most grass-rich, the flattest and the most covered
site for resting.
These findings complement our knowledge on habitat selection of cattle and can be used to design cattle
pastures according to the animals needs and to mitigate interest conflicts between livestock husbandry and
forestry in communal forested lands in Norway.
1. Introduction
Cattle husbandry is an old and important part of agriculture
worldwide (Womack, 2012; Smil, 2014) and takes different forms
throughout the world. In Norway, with only a low percentage of land
suitable for agriculture, the utilization of non-agricultural land, such as
forest and mountain areas, as summer rangeland has a long tradition
(Austrheim et al., 2008; Landbruksdirektoratet, 2018). In Southeastern
Norway, where this study was conducted, cattle roam freely in large
areas of south-boreal forest during the summer. Since little is known
about cattles' natural habitat (Van Vuure, 2002), we do not know if this
diverse forest ecosystem full of obstacles, slopes and a patchy dis-
tribution of food resources comes closer to their natural habitat than the
open, flat grasslands they usually are kept on. But at least, in a forest
ecosystem, they have the possibility to select from a broad range of
habitats. Their selection pattern may indicate some of their basic needs
that may not be covered when released on open grasslands and allow us
to design cattle pastures in a more appropriate way. Moreover, pre-
dicting the cattle's space use within these forested areas could help
mitigate interest conflicts between livestock husbandry, forestry, nature
conservation and recreation.
Animal's habitat selection depends on the species, sex, age, per-
ception of the environment, experience, social status, physical
condition and behavioural activity as well as on the study’s temporal
and spatial scale (Johnson, 1980; Manly et al., 2002; Mayor et al., 2009;
Morrison et al., 2006; Prima et al., 2017). Habitat selection of cattle in
boreal forest has been studied in Canada, California (U.S.), Oregon
(U.S.) and Sweden, at different temporal and spatial scales, focusing
either on herds or on groups of individuals, specific or not to certain
behavioural activities (Roath and Krueger, 1982; Gillen et al., 1984; Kie
and Boroski, 1996; Walburger et al., 2009; Steyaert et al., 2011;
Kaufmann et al., 2013, 2017). Little is known about cattle's habitat
selection on a microhabitat scale, which can be directly linked to spe-
cific activities in a cow's day and provide understanding of the patterns
and the underlying mecanisms of habitat selection on larger scales.
According to Kilgour (2012), cattle spend 90–95 % of their time grazing
or resting, with ruminating included in resting. Therefore, the goal of
this study was to determine the factors influencing cattle's microhabitat
selection while grazing and resting.
We expected that: (1) The cattle would select for a different ground
cover composition for grazing (i.e. select for food resources) than for
resting (i.e. select for comfort). (2) Given their size and weight, cattle
would always select for a low incline terrain. (3) & (4) Given cattle are
subject to cold stress when exposed to precipitations or to temperatures
well below 0 °C (Van laer et al., 2014), and to heat stress when tem-
peratures rise above 25 °C (Berman et al., 1985; Hahn, 1999; Ominski
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et al., 2002), we expected canopy cover and rainfall, sun exposure and
temperature to influence habitat selection for both grazing and resting
cattle. (5) Finally, because bears and wolfs, which are predators likely
to attack cattle (Pimenta et al., 2017; Rovbase, 2018; Steyaert et al.,
2011), are present in the study area (Rovbase, 2018), we expected the
cattle to select for either low or high horizontal visibility habitat as a
predator-avoidance behaviour.
2. Material and methods
2.1. Study area and period
The study area was located in Hedmark county in south-eastern
Norway at 61 °East and 11 °North and consisted of the two geo-
graphically distinct communal forested lands Furnes/Vang (FVA) and
Stange/Romedal (SRA) (Fig. 1). The climate in the study area is con-
tinental with cold winters, warm summers and a short growing season.
FVA is about 120 km2 with the altitude ranging from 600 to 700m.a.s.l.
Around 40% of this area is covered by spruce (Picea abies) forest, 20%
by pine (Pinus sylvestris) forest and 40% by wetland (Rekdal, 2010). SRA
is about 150 km2 with the altitude ranging from 300 to 450m.a.s.l.
Around 60% of this area is covered by spruce forest, 30% by pine forest
and 10% by wetland (Rekdal, 2017). Around 740 cows and 1 700 sheep
were released in the study area for summer grazing from late June til
beginning of September in 2017 (number of grazing days, mean=99,
sd= 13). Water is no limiting factor in these surroundings full of lakes,
ponds, streams and wetlands and no extra water was provided to the
livestock. We conducted our fieldwork between the 28th of June and the
24th of August 2017.
2.2. Weather stations
Since the closest weather stations of the Norwegian Meteorological
Institute are situated at lower altitudes, collecting data irrepresentative
for the weather in our study area, we installed two weather stations
with-in the study area (Fig. 1). These WH-1080 weather stations (Clas
Ohlson AB, Insjön, Sweden, 2010) recorded and stored air temperature
(°C) and rainfall (mm/hour) at five minutes intervals. In SRA, during
the study period, the temperature ranged from 2.6 °C to 25.4 °C, with an
average of 13.4 °C and the hourly rainfall ranged from 0mm to
11.1 mm, with an average of 0.11mm. In FVA, during the study period,
the temperature ranged from 2.9 °C to 28.6 °C, with an average of
13.0 °C and the hourly rainfall ranged from 0mm to 25.2 mm, with an
average of 0.11mm.
2.3. Study animals, GPS collars and activity sensors
In the study area 740 cattle (Bos taurus) from nine farms (four in
FVA and five in SVA) were released in 2017. The cattle from one farm
tended to move together as one herd, but, similar to the findings by
Lazo (1994), they have been observed to split up and/or merge with
herds from other farms. We collared 16 adult female cows (eight in FVA
and eight in SRA), representing all nine farms and five different breeds,
namely Charolais, Hereford, Simmental, Limousin and cross-breeds.
Our study animals had been ranging freely previously and were used to
wearing cow bells. They were equipped with Followit Tellus Medium
Plus (Followit Lindesberg Sweden AB, 2013) GPS collars with in-
tegrated dual-axis accelerometer, recording the back-forth (x-axis) and
left-right (y-axis) neck movements in pulses/sec. The GPS collars in-
cluded a Global System for Mobile communications (GSM) download
option and positioning and activity data were available in real-time
through an internet based positioning portal, called Followit Geo™ and
located at http:://geo.followit.se/. The GPS were programmed and the
data was validated as described by Tofastrud et al. (2018), using the
same material on the same animals.
2.4. Sampling design
As typically done for habitat selection studies (Manly et al., 2002),
and following Arthur et al. (1996), we compared used to available
habitat by defining availability separately for each observation of use.
At a given habitat patch, we defined five plots: A plot used at a given
time by a given animal and four control plots not used at that given
moment by that given animal. The control plots were10m2 in size (i.e.
1.78m radius) and at 50m to each cardinal direction from the used
plot. We considered the distance of 50m short enough to represent
availability on the microhabitat scale and large enough to account for
inaccuracy in the GPS positions.
A former study conducted in the same project (Tofastrud et al.,
2018) allowed us to determine the cattle's activity based on positioning
and activity data. Following Tofastrud et al. (2018), grazing sessions
were defined as a series of positions with an activity of above 0.3
pulses/sec on both X and Y axis and distances below 100m travelled
between positions, whereas resting sessions were defined as a series of
positions with an activity of 0 pulses/sec on both X and Y axis and no
distance travelled over a period of several positions. The accurany of
activity classification reported by Tofastrud et al. (2018) was 86.1% for
resting and 74.8% for grazing.
Every morning, we chose a cow we had not encountered the pre-
vious day, with data available for the last 24 h and identified clear
grazing and resting sessions in the data set. By this we made sure not to
influence the observed patterns by our own presence. Once we had
identified such sessions, we chose one position per session to visit in the
field for data collection that day. By visiting the chosen positions no
Fig. 1. Map of the areas (FVA and SRA, shaded in grey) where our study on
microhabitat selection of free ranging beef cattle at grazing and resting sites in
south-boreal forest was conducted in summer 2017. Grazing sites (white
points), resting sites (black points) and installed weather stations (crossing of
the lines). Created in ArcGIS 10.2.2 (ESRI, 2011) (For interpretation of the
references to colour in this figure legend, the reader is referred to the web
version of this article).
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later than one day after the cow had been there, field conditions were
similar to those the cow had the day before (especially with regard to
the vegetation). We managed to visit up to three of these positions for
data collection per day. We aimed for a balanced sample by using three
grazing and three resting positions per cow for data collection in the
field during the study period. Out in the field, we checked for signs of
recent grazing (i.e. freshly grazed vegetation) or resting (i.e. flattened
vegetation in the shape of a "cow bed") at the chosen location and we
discarded locations without such signs. Plots inaccessible to cattle (e.g.
because of a fence) were discarded from the sample. The experimental
unit in the final analyses is the plot. In the end, the sample for grazing
cattle included in total 178 plots and the sample for resting cattle in
total 223 plots.
2.5. Recorded variables
At each plot we recorded the variables as shown and defined in
Table 1. Incline and ground cover composition were recorded on the plot
area, while canopy cover, sun exposure and visibility were recorded at the
plot center. Incline was measured in percentage with a 1.78m long stick
and a clinometer. Ground cover composition was recorded by visual
judgement. Canopy cover was recorded using the application HabitApp
on a Samsung Galaxy Tab 10.1 TM (Samsung Electronics, 2016) tablet.
This application turns mobile phone photos into black and white images
and then calculates the percentage shade value e.g. black pixels as a
percentage of total pixels. Sun exposure was recorded by visual judge-
ment, based on the position of the sun at the time the cow had been at
the central plot of a given position, determined with the application
CalcSun on a Samsung Galaxy Tab 10.1 TM tablet. We set the value 0
for night time or presence of trees and hills shading the cow and the
value 1 for day time and absence of any such trees and hills. Sun ex-
posure does not take into account cloud cover. Visibility was measured in
meters with a measure tape.
2.6. Data analyses
We modelled the probability of use for each plot according to ha-
bitat characteristics using logistic regression (i.e., resource selection
probability functions RSPF, as per Manly et al. (2002) separately for
grazing and resting. We analysed our data in R (R Core Team, 2017),
with the RStudio interface (RStudio Team, 2016), following two pro-
tocols by Zuur et al. (Zuur et al., 2010; Zuur and Ieno, 2016). We used
the isometric logratio (ilr) transformation (Hron et al., 2012) to alle-
viate the collinearity between the categories of ground cover composi-
tion. We first analysed ground cover composition on its own to identify
the important categories, which we then used in the main model. For
the ilr-transformation, we used the R package compositions (van den
Boogaart et al., 2014). The categories for which the 90% confidence
interval of the parameter estimate did not include the value 0 were
included in the global models later on. Because there were too few
occurrences of rainfall or of temperature exceeding 20 °C in our data,
we excluded the variables rainfall and temperature from our analyses.
We used generalized linear mixed models (GLMMs) of the binomial
family. In order to account for the dependency structure in our data, for
changing availability between positions and for unbalanced sampling
among cows, we included habitat patch ID nested within cow ID nested
within herd ID as random intercepts. Besides these random effects, the
global model included the fixed effects incline (continuous), canopy
cover (continuous), sun exposure (binary), visibility (continuous) and its
squared effect, and, based on the composition analyses, grasses (con-
tinuous), that is the percentage of grasses in the ground cover (Equation
1). The global model was the same for grazing and resting.
∼
∼ + + +
+ + + + +
+
Y Bin π
logit π α β grasses β incline β canopycove
β sunexposure β visibility β visibility b b
b
(1; )
( ) * * *
* * * herd cow
habitatpatch
1 2 3
4 5 6
2
(1)
where Y is the probability of use.
To improve the interpretability of the regression parameters, we
standardized the explanatory variables (Schielzeth, 2010), using the R
package standardize (Eager, 2017). We fitted the model using the glmer
function in the R package lme4 (Bates et al., 2015). Since the random
effects resulted from the study design, we only selected on the fixed
effects. We selected for the model with the lowest second order Akaike
Information Criterion (AICc) value using the R package MuMIn (Barton,
2017) and considered models with a difference in AICc value below 2 as
equivalent. Among equivalent models, we chose the simplest one fol-
lowing the principle of parsimony. We checked the model assumptions
using the R package DHARMa (Hartig, 2017).
3. Results
3.1. Positioning success
Two out of the 18 collars failed and were discarded from this study.
For the remaining 16 collars, 94.1% of the targeted positions were
obtained. The dilution of precision (DOP) had a mean value of 1.1 and a
standard deviation of 0.51. The number of satellites had a mean value
of 7.94 and a standard deviation of 2.1.
3.2. Recorded variables
Mean and standard error of the recorded variables are shown in
Table 2.
Table 1
Variables recorded to study the microhabitat selection of free ranging beef cattle at grazing and resting sites in south-boreal forest in summer 2017 and their
definitions.
Variable Definition
Ground cover composition Composition of the ground cover according to the following categories, adding up to 100 % at each plot:
obstacles rocks, trees, water surfaces, etc., preveting a cow from standing or lying on this plot, in % of the plot area
dead material bare ground, gravel, dead plant material, etc, in % of the plot area
lichens and mosses all lichen and moss species, in % of the plot area
herbs all herbaceous plant species as well as ferns, in % of the plot area
shrubs woody species, including heather (Erica spec. and Calluna spec.), berries (Rubus idaea and Vaccinium spec.) and tree seedlings
under 30 cm height, in % of the plot area
grasses all graminoid species, including the families Poaceae, Cyperaceae and Juncaceae, in % of the plot area
Incline mean of the absolute inclines (in %) in the four cardinal directions,
Canopy cover area (in %) above the plot covered by the canopy.
Sun exposure absence (1) or presence (0) of any cover between cow and sun (e.g. trees or hills), not taking into account cloud cover.
Visibility mean of the distances (in m) to the first obstacle at cattle eye level (i.e. 0.5 m for resting cattle and 1.5 m for grazing cattle) parallel to the ground in the
four cardinal directions.
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3.3. Preliminary ground cover composition analyses
The results of the ground cover composition analyses are presented in
Fig. 2. For both grazing and resting, only the 90% confidence interval of
the parameter estimate for the category grasses did not include the value
0. This means that, for both grazing and resting cattle, only the category
grasses is correlated with probability of use by cattle. Therefore we
decided to include only this ground cover category in the global models
later on.
3.4. Probability of use by grazing cattle
The best models are shown in Table 3. Our best model for explaining
the variation in probability of use by grazing cattle, included the fixed
effect grasses. The relative variable importance of grasses was 0.79. The
estimated variance for all random effects was very close to 0. Model
validation indicated no violations of the underlying assumptions. The
model output and predictions are presented in Fig. 3. Within a given
habitat patch, cattle selected for the most grass-rich site for grazing.
3.5. Probability of use by resting cattle
The best models are shown in Table 3. Our best model for explaining
the variation in probability of use by resting cattle, included the fixed
effects grasses, incline and canopy cover. The relative variable im-
portance of grasses, incline and canopy cover were 0.99, 0.88 and 0.80,
respectively. The estimated variance for all random effects was very
close to 0. Model validation indicated no violations of the underlying
assumptions. The model output and predictions are presented in Fig. 4.
Within a given habitat patch, cattle selected fot the most grass-rich, the
flattest and the most covered site for resting.
4. Discussion
In this study, we expected the factors (1) ground cover composition,
(2) incline, (3) canopy cover in combination with rainfall, (4) sun ex-
posure in combination with temperature and (5) visibility to influence
the microhabitat selection of cattle. We found differences in the cattle's
habitat selection for different activities: while grazing cattle were in-
fluenced by the amount of grass in the ground cover only, resting cattle
were influenced by the amount of grass, incline and canopy cover.
Cattle selected for both grazing and resting sites with a high amount of
grass. Cattle are grazers, that have been shown to forage on herbs,
shrubs and trees as well (Holechek et al., 1982; Kie and Boroski, 1996;
Rutter, 2006; Mandaluniz et al., 2011; Bele et al., 2015). Our findings
Table 2
Mean and standard error of the variables recorded to analyse the microhabitat
selection of free ranging beef cattle at grazing and resting sites in south-boreal
forest in summer 2017.
Activity Variable at plots used by the
cow
at control plots
mean SE mean SE
Grazing (n= 36) (n= 142)
Percentage of grass in the
ground cover (%)
44.00 4.30 28.40 2.27
Incline (%) 5.80 0.73 7.44 0.47
Canopy cover (%) 9.00 3.74 21.10 2.33
Sun exposure (0 - 1) 0.44 0.08 0.34 0.04
Visibility (m) 15.9 1.70 14.90 0.88
Resting (n= 45) (n= 178)
Percentage of grass in the
ground cover (%)
35.60 4.97 21.00 1.74
Incline (%) 4.50 0.38 6.30 0.33
Canopy cover (%) 26.80 5.00 26.80 2.23
Sun exposure (0 - 1) 0.33 0.07 0.24 0.03
Visibility (m) 11.20 1.19 9.90 0.53
Fig. 2. Results, that is mean and 90% confidence interval of the parameter estimates from regression of probability of use by A) grazing cattle and B) resting cattle on
the ilr-transformed ground cover categories in a study on microhabitat selecion of free ranging beef cattle in south-boreal forest in summer 2017.
Table 3
The best models (ΔAICc< 2) for predicting probability of use by free ranging
beef cattle at (a) grazing and (b) grazing sites in south-boreal forest in summer
2017. All the models include an intercept and the random effects habitat patch
ID nested within cow ID nested within herd ID.
Fixed effects included in the model Df AICc Δ (AICc) AICc weight
a) grazing
grasses 4 178.6 0.00 0.093
grasses + canopy cover 5 178.9 0.31 0.080
grasses + incline 5 179.1 0.54 0.071
canopy cover + grasses + incline 6 179.3 0.70 0.066
canopy cover + incline 5 180.3 1.70 0.040
grasses + sun exposure 5 180.3 1.74 0.039
b) resting
canopy cover + grasses + incline 6 215.2 0.00 0.195
canopy cover+ grasses+ incline+ visibility 7 215.9 0.68 0.139
canopy cover + grasses + incline + sun
exposure
7 216.6 1.37 0.098
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Fig. 3. Results of a study on microhabitat selection of free ranging beef cattle in south-boreal forest in summer 2017: model output and predictions for the best
grazing model: A) mean and 95% confidence interval of the parameter estimates and B) predicted probability of use (line) with 95% confidence interval (ribbon) and
observed presence/absence (points) by grazing cattle against the standardized variable grass, with the remaining variables set at their mean.
Fig. 4. Results of a study on microhabitat selection of free ranging beef cattle in south-boreal forest in summer 2017: model output and predictions for the best resting
model: A) mean and 95% confidence interval of the parameter estimates. Predicted probability of use (line) with 95% confidence interval (ribbon) and observed
presence/absence (points) by resting cattle against the standardized variables B) incline, C) canopy cover and D) grass, with the remaining variables set at their mean.
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underline the importance of grass as food resource for cattle. Resting
cattle might select for grass in the ground cover because of its bedding
layer qualities or because they rested at the same spot that they had
been grazing on before. Cattle selected for resting sites with low incline.
This could be due to the fact that getting up from lying to standing
position requires more ground support than moving around (Dalgaard
and Gjødesen, 2010). The selection for low incline of free-ranging cattle
in boreal forest, on various spatial scales and independent on their
activity, has been shown in several other studies as well (Gillen et al.,
1984; Walburger et al., 2009; Kaufmann et al., 2013).
Cattle selected for resting sites with high canopy cover. Even though
Bjor and Graffer (1963) and Vandenheede et al. (1995) found that cattle
seek shelter when it is raining, the use of canopy cover as shelter from
rain can be excluded as possible explanation for our findings since it
rained for very few of our observations. Our study animals could have
been seeking shelter from potential rainfall, to avoid moving in case it
would start raining during their rest. They could also have been seeking
shelter from harassing insects, which have been shown to influence
habitat selection of cattle (Bjor and Graffer, 1963) and, further up in the
mountains, the habitat selection of reindeer (Rangifer tarandus) (Skarin
et al., 2004; Vistnes et al., 2008).
Cattle were not affected by sun exposure when choosing grazing and
resting sites. Given we only had a few observations with temperatures
above 20 °C, we can not exclude some confounding effect between sun
exposure and temperature. Cows have indeed been shown to spend
more time in shade on days with high ambient temperature and solar
radiation in other studies (Bjor and Graffer, 1963; Bennett et al., 1985;
Schütz et al., 2009).
Cattle were not affected by visibility when choosing grazing and
resting sites. Visibilty might not be the best measure for cattle's anti-
predator behaviour, as both cattle and their predators might not rely on
the sense of vision alone. Moreover, being gregarious animals (Lazo,
1994), cattle's anti-predator behaviour might be dependent on herd size
(Fortin et al., 2009; Kie, 1999). Kie (1999) also showed evidence for
ungulates to modify their behaviour in the actual presence of predators.
Our study animals might not have encountered any predator during the
study period.
With our cattle herds showing some fusion-fission behaviour, as
defined by Lazo (1994), we can not be sure of the herd compositions at
every moment. It would be interessting to put GPS collars on all the
animals released in a certain area to closely look at their fusion-fission
behaviour. With more individuals, one could also account for differ-
ences between different breeds. Moreover, it would be interesting to
record and include distance to roads and forage quality/quantity at-
tributes in the analyses, factors that have been shown to influence ha-
bitat selection of cattle in other studies (Kaufmann et al., 2013;
Ganskopp et Bohnert, 2009).
Usually, habitat selection studies do not take into account the ac-
tivity status of the animals (but see e.g. Moe et al., 2007; Zimmermann
et al., 2014). Our study is accounting for different activities, in this case
grazing and resting, when analysing habitat selection of cattle. Based on
direct field observations and continuous variables, it relies on fewer
assumptions than studies based on maps and categorical variables.
Ensuring animal welfare is dependent on knowledge on a species’
natural behaviour, which is hard to study on domesticated cattle
(Kilgour, 2012). The findings of our study on temporally feral cattle,
providing insight into their natural habitat selection, can be used to
design pastures according to the animals’ needs.
One challenge faced by the management of communal lands in
Norwegian south-boreal forests are the conflicting interests between
cattle husbandry and forestry: cattle tend to damage young trees of
commercial interest (Norway spruce, Picea abies) (Hjeljord et al., 2014).
Tofastrud et al. (2019) studied the habitat selection of the same cattle in
the same study area on a larger scale and found that they select for
summer farm meadows and clearcuts under 15 years. It is exactly on
these clearcuts that cattle cause most damage. Now we know that on a
smaller scale, they are selecting for grass, low incline and horizontal
cover. Fencing vulnerable young forest and offering alternative grassy,
flat sites with some horizontal cover to the cattle could be on way to
mitigate this conflict.
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